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trations of BTEX compounds in recirculated ground water were com-
pared to concentrations in the weathered oily-phase residual.

When infiltration with nitrate brought the concentrations of BTEX
compounds in the JP-4 spill below action levels, infiltration was stopped
and concentrations of BTEX compounds in the aquifer were mea-
sured under natural conditions. The JP-4 contaminated interval was
cored and analyzed for residual total hydrocarbons and concentra-
tions of BTEX compounds. The reduction in concentration of total
petroleum hydrocarbons was minimal, from 2000 mg/kg to 1400 mg/
kg. The concentrations of BTEX compounds in the residual oil were
divided by the fuel-to-water partition coefficients of Smith et al. (1981)
to predict the capacity of the residual to contaminate ground water.
The concentrations measured in ground water under natural condi-
tions were near or below the predicted concentrations (Hutchins et
al., 1991b; see Table 1).

Apparently ground water quality is controlled by the relative
concentration of organic contaminants in the weathered oily-phase
residual and not by the absolute amount of weathered total petro-
leum hydrocarbons. The relative concentrations of organic contami-
nants can be used to predict the concentrations in ground water in
contact with the oily-phase residual.

Accounting for Spatial Heterogeneity

Bioremediation is difficult to assess in heterogeneous geological
material. Often, oily-phase material is associated with fine-textured
material with low hydraulic conductivity. Remedial fluids tend to
pass around the fine-textured material. Because the flux of nutrients
and electron acceptor through the fine-textured material is small, there
is little opportunity for bioremediation, and significant concentra-
tions of contaminants can remain in subsurface material.

These relationships will be illustrated in a case history from an
industrial site in Denver, Colorado (Nelson et aL, in press). At this
site, a temporary holding tank under a garage leaked used crankcase
oil, diesel fuel, gasoline, and other materials into a shallow water
table aquifer. Figure 6 shows the relationship between the garage,
the work pit containing the leaking holding tank, and the approxi-
mate area of the spill.

Remediation involved removal of separate oily phases, in situ
bioremediation with hydrogen peroxide and mineral nutrients, and
bioventing. Ground water flow under ambient conditions was to the
north or northeast. The flow of water during the remediation paral-
leled the natural gradient. Water was produced from a recovery well